Pulmonary pleomorphic carcinoma has been shown to respond remarkably to PD-1 inhibitors; however, the biomarkers for this therapy have not been fully proven. We report a case of pulmonary pleomorphic carcinoma with overexpressed PD-L1, in which a complete response to nivolumab was sustained for >14 months. Immunohistochemical analysis revealed few PD-1 + immune cells and regulatory T cells in the tumor, in addition to predominant infiltration of CD8 + cells and macrophages. Our findings suggest that the presence of a small number of PD-1 + immune cells and regulatory T cells should be investigated as candidate therapeutic biomarkers.
Introduction
Pulmonary pleomorphic carcinoma (PPC), an aggressive subtype of lung cancer, has been shown to respond remarkably to PD-1 inhibitors. [1] [2] [3] [4] PPC frequently has favorable response factors to PD-1 inhibitors, such as high tumor mutational burden, high PD-L1 expression on tumor cells, and a large number of tumor-infiltrating immune cells. [5] [6] [7] However, the therapeutic biomarkers of PD-1 inhibitors have not been fully proven. In some patients with PPC, the disease progresses during nivolumab treatment despite high PD-L1 expression. 1 The immunologic profiles of PPC may provide clues to the underlying mechanisms of response to PD-1 inhibitors in lung cancer. Herein, we report a case of PPC that exhibited a complete response to nivolumab treatment and immunohistochemically examine the profiles of tumor-infiltrating immune cells.
Case report
A 75-year-old male current smoker was referred to our department for evaluation of a lung nodule on chest radiography. Chest computed tomography showed an 18 mm solid nodule in the left upper lobe. He underwent surgery for suspected lung cancer. During the operation, dissemination of cancer cells was found on the left pleura. The patient was eventually diagnosed as stage IV (pT2aN0M1a) PPC with pleural metastases. No EGFR mutations or ALK arrangement was observed.
The patient received five courses of carboplatin and paclitaxel chemotherapy, but a new metastatic lesion in the left adrenal gland appeared five months after the commencement of treatment (Fig 1a,b) and did not respond to three subsequent courses of docetaxel (Fig 1c) . Ten months after the initiation of chemotherapy, the treatment regimen was revised to nivolumab as third-line. The tumor rapidly regressed and a complete response was achieved on the third administration (Fig 1d) . Nivolumab treatment was discontinued after the sixth administration because of severe myalgia of unknown cause. The patient has not been administered any further anti-cancer drugs. Positron emission tomography at 12 months after the last administration of nivolumab showed no 18 F-fluorodeoxyglucose uptake in any part of the body. His lung cancer has remained in complete remission for 14 months.
Histopathologic review of the surgical specimen at the time of diagnosis showed proliferation of cancer cells with intratumoral infiltration of mononuclear cells (Fig 2a) . Immunohistochemical examination indicated that > 90% of the tumor cells expressed PD-L1 (Fig 2b) . Prominent CD3 + T lymphocytes and CD68 + macrophages were found in the tumor (Fig 3a,b) . CD56
+ natural killer cells were not detected (data not shown). Infiltration of CD8 + cells was more predominant than that of CD4 + cells (Fig 3c,d) . A small number of PD-1 + small-sized mononuclear cells and FOXP3 + regulatory T cells (Tregs) were scattered in the tumor (Fig 3e,f ) . The ratios of PD-1 + /CD8 + and FOXP3 + / CD4 + cells were 1-5%. There was no difference in PD-L1, PD-1, and other lymphocyte marker expression between carcinoma and sarcomatoid components within the tumor (data not shown). The antibody clones used were as follows: PD-1 (SP269) and PD-L1 (SP142, Spring Bioscience, Pleasanton, CA, USA); CD3 (F7.2.38), CD68 (KP-1), and CD56 (123C3 Dako, Santa Clara, CA, USA); CD8 (4B11) and CD4 (4B12, Leica Biosytems, Nussloch, Germany); and FOXP3 (236A/E7, Abcam, Cambridge, UK).
Written informed consent for the publication of this case report was obtained from the patient.
Discussion
Immunohistochemical analysis revealed that few CD8 + cells exhibited PD-1. Although PD-1 inhibitors, such as nivolumab, target PD-1 molecules on T cells, the role of PD-1 expression as a therapeutic biomarker remains elusive. In melanoma and anal cancer, high numbers of PD-1 + tumor-infiltrating lymphocytes reportedly correlate with the response to PD-1 inhibitors. 8, 9 However, a recent exploratory study reported an 86% response rate to nivolumab in selected lung cancer patients with tumor cells overexpressing PD-L1 + and low levels of PD-1 + tumorinfiltrating lymphocytes. 10 In a mouse cancer model, the antitumor activity of an anti-PD-1 antibody was associated with an increase in intratumoral CD8 + cells weakly positive for PD-1.
11 Several in vitro studies using flow cytometry have shown that CD8 + cells that highly express PD-1 release less cytokines and display less cytotoxic activity than cells that weakly express PD-1. 11, 12 Nivolumab restores the release of cytokines in CD8 + cells that are weakly positive for PD-1, but not in cells that are highly positive for PD-1. 13 High levels of PD-1 expressing CD8 + cells are considered irreversibly dysfunctional, even when exposed to PD-1 inhibitor therapy. PD-1 + macrophages are reported to increase with tumor progression, but in this case, most macrophages did not express PD-1.
14 Macrophages dynamically switch between M1 and M2 polarization in response to microenvironmental signals. M2 macrophages frequently express high levels of PD-1 and suppress antitumor immunity, whereas M1 macrophages express low levels of PD-1 and have immunostimulatory effects. 14, 15 In a mouse cancer model, a PD-1 inhibitor was shown to reduce tumor growth, at least in part, through the activity of macrophages. 14 These results suggest that a small number of PD-1 + immune cells in the tumor, including CD8 + cells and macrophages, may be a favorable predictor of response to PD-1 inhibitors.
Another important finding in this case was the small number of FOXP3 + Tregs in the tumor. Tregs have been shown to inhibit antitumor immunity and enhance tumor progression. The ratio of Treg/CD4 + cells ranges from 5% to 20% in lung cancer, whereas the ratio in our case was 1-5%. 16, 17 In patients with resected lung cancer, low infiltration of Tregs in the tumor is correlated with favorable recurrence-free and overall survival rates. 18 In cancer patients, lower counts of circulating Tregs in the blood are associated with response to nivolumab. 19 We recently reported that nivolumab did not show antitumor activity in a lung cancer patient with tumor cells overexpressing PD-L1, accompanied by predominantly infiltrating CD8 cells and Tregs. 20 The in vitro coexistence of Tregs suppresses nivolumab-induced release of interferon-γ from effector T cells. 21 Therefore, Tregs may interfere with the immunostimulatory effects of PD-1 inhibitors.
Our findings suggest that a small number of PD-1 + immune cells and Tregs in the tumor, as well as PD-L1 overexpression and predominant infiltration of CD8 + cells, may be candidate predictive biomarkers of PD-1 inhibitors for lung cancer. Further studies using a large cohort are required to elucidate whether the presence of few PD-1 + immune cells and Tregs may contribute to the survival of lung cancer patients and whether there is a threshold number of cells for survival benefit.
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